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(57) [Abstract] 

[Object] An object of the present invention is to provide 
a lower-priced and more reliable data reading method and data 
reading apparatus, which can improve a performance of an 
opposite direction sequential reading. 

[Construction] A disk drive device 10 includes a magnetic 
disk 11 and a controller 22 comprising an HDC 17, a RAM 18, 
an MPU 19 for controlling the operation of the whole HDD 
including a control of the HDC 17, a ROM 20 and an I/F 21 for 
connecting with an external host apparatus 30. The 
controller 22 executes: an opposite direction reading 
detection step of detecting an opposite direction reading; 
a step of receiving a command for reading a block of a first 
length from a first LBA; a step of reading only the block of 
the first length from the first LBA when an opposite direction 
reading is detected; and a step of looking-ahead only a second 
block from a second LBA smaller than the first LBA, and when 
an opposite direction reading is detected, reading of data 
which are estimated to be demanded by the next command is 



started immediately at the point of time when a data reading 

from a disk is ended. 

[Claims] 

[Claim 1] A data reading method for reading data from a 
storage medium, comprising: 

an opposite direction reading detection step of 
detecting an opposite direction reading; and 

a control step of starting to read data in an address 
previous to a present address at the point of time when data 
reading from the storage medium is ended. 

[Claim 2] A data reading method for reading data from a 
storage medium, comprising: 

an opposite direction reading detection step of 
detecting an opposite direction reading; 

a step of receiving a command for reading a block of a 
first length from a first LBA (Logical Block Address); 

a step of reading the block of the first length from the 

first LBA; and 

a step of looking-ahead a block of a second length from 

a second LBA smaller than the first LBA. 

[Claim 3] The data reading method as defined in any of 

Claim 1 and Claim 2, wherein 

said opposite direction reading detection step 
checks a backward sequential LBA for an opposite 

direction reading for every command line, and judges that the 



opposite direction reading is detected when matchings of the 
backward sequential LBAs continue a predetermined times. 

[Claim 4] The data reading method as defined in any of 
Claim 1 and Claim 2, wherein 

in a step after an opposite direction reading is 

detected, 

an average Read Length per one command is compared with 

a segment size, 

when a Read Length is smaller than a predetermined value 
responding to a buffer segment size, the reading is started 
at the position which is a segment size back. 

[Claim 5] The data reading method as defined in Claim 2, 
wherein, 

in a step after an opposite direction reading is 
detected, 

when data length is equal to a predetermined value 
responding to a buffer segment size, the reading is started 

from a second LBA. 

[Claim 6] The data reading method as defined in Claim 2, 

wherein, 

in a step after an opposite direction reading is 
detected, 

an average Read Length L per one command is compared with 
a segment size, and when the Read Length is larger than a 
predetermined value responding to a buffer segment size, the 




reading is stared from the second LBA which is backed. 

[Claim 7] A data reading apparatus for reading data from 
a storage medium, comprising: 

an opposite detection reading detection means for 
detecting an opposite direction reading; and 

a control means for starting to read data in an address 
previous to a present address at the point of time when data 
reading from the storage medium is ended in the case where 
an opposite direction reading is detected by the opposite 
direction reading detection means. 

[Claim 8] A data reading apparatus for reading data from 
a storage medium, comprising: 

an opposite direction reading detection means for 
detecting an opposite direction reading; 

a means for receiving a command for reading a block of 
a first length from a first LBA; 

a means for reading the block of the first length from 
the first LBA when an opposite direction reading is detected 
by the detection means; and 

a means for looking-ahead a block of a second length from 
a second LBA smaller than the first LBA. 
[Detailed Description of the Invention] 
[0001] 

[Applicable Field in the Industry] 

The present invention relates to a data reading method 
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and a data reading apparatus employed for a hard disk drive 
(HDD) and the like, more particularly, to a data reading me thod 
and a data reading apparatus which includes a sector buffer 
having a caching function. 
[0002] 
[Prior Art] 

A disk drive device contains a memory called a sector 
buffer, and even after reading from an area which is demanded 
by one reading command is ended, a reading from an area 
subsequent thereto is continued (which is called Look Ahead) 
in order to increase speed of a sequential reading. Then, 
in case of sequential reading, when the next reading command 
comes, data have already existed in the memory, thereby 
increasing speed of reading. Then, a serial number applied 
to usable sector is called Logical Block Address (LBA: Logical 
Block Address) . 
[0003] 

Figure 7 is a diagram for explaining Look-Ahead (Look 
Ahead) operation, illustrating a reading from a disk and a 
movement on an interface. In figure, numerals denote 

addresses and arrows denote order of operation. 
[0004 ] 

The current method is for a forward direction reading, 
and the designated data on the disk are read and thereafter, 
reading from the disk is continued as long as a buffer memory 



has some room in capacity. Thereby, data are stored in the 
buffer memory until a new reading operation is started and 
therefore the data can be transferred as they are. This is 
called Look-Ahead (Look Ahead) operation. As an example in 
figure 7, a command (Read lOlllLength 3) is issued initially, 
and then reading from areas (10111—10113) in a disk, which 
is demanded by a reading command, is performed to be 
transferred onto an interface, and even after the reading from 
the area demanded by the reading command is ended, a reading 
from the area subsequent thereto (10114~) is continued. 
[0005] 

As described above, in read cache process, data which 
are instructed to be read from a host apparatus, or data which 
are estimated to be read, are looked-ahead ( Looked Ahead ) from 
a magnetic disk to be stored in a memory. 
[0006] 

[Problems to be Solved by the Invention] 

In such an prior art disk drive device, however, speed 
can be increased by look-ahead in sequential reading, while 
no consideration is given to an opposite direction sequential 
reading, and therefore operation of starting to read data on 
the disk when a command comes is continued in the case where 
opposite direction sequential reading is performed, so 
process thereof needs more time than that of a sequential 
reading . 




[0007] 

More particularly, an HDD has been used for recording 
and editing image signals recently, and an opposite direction 
sequential reading is performed in an HDD in the case where 
the image signals are reproduced in the opposite direction. 
At this time, a system design should be made on the basis of 
the performance of the opposite direction sequential reading 
because the performance of the opposite direction reading is 
inferior to that of the forward direction reading. When the 
difference between the performance of the opposite direction 
sequential reading and the performance of the forward 
direction reading is large, in the case where the system is 
designed so as to adapt to the performance of the opposite 
direction sequential reading, the HDD must be estimated lower 
in performance to be designed, thereby increasing the cost. 
Then, for holding down the cost, the margin at the opposite 
direction reading is made to be reduced, whereby the stability 
of the system operation cannot be secured. 
[0008] 

It is an object of the present invention to provide a 
lower-priced and more reliable data reading method and data 
reading apparatus which can improve a performance of an 
opposite direction sequential reading. 
[0009] 

[Measures to Solve the Problems] 




According to the present invention, a data reading 
method for reading data from a storage medium comprises: 
an opposite direction reading detection step of detecting an 
opposite direction reading; and a control step of starting 
to read data in an address previous to a present address at 
the point of time when data reading from the storage medium 
is ended. 
[0010] 

According to the present invention, a data reading 
method for reading data from a storage medium comprises: 
an opposite direction reading detection step of detecting an 
opposite direction reading; a step of receiving a command for 
reading a block of a first length from a first LBA; a step 
of reading the block of the first length from the first LBA; 
and a step of looking-ahead a block of a second length from 
a second LBA smaller than the first LBA. 
[0011] 

Said opposite direction reading detection step 
checks a backward sequential LBA for an opposite direction 
reading for every command line, and may judge that the 
opposite direction reading is detected when matchings of the 
backward sequential LBAs continue a predetermined times. 
[0012] 

In a step after the opposite direction reading is 
detected, an average Read Length per one command is compared 




with a segment size, and when a Read Length is smaller than 
a predetermined value responding to a buffer segment size, 
the reading may be started at the position which is a segment 
size back. 
[0013] 

Further, in the step after the opposite direction 
reading is detected, when data length is equal to a 
predetermined value responding to a buffer segment size, the 
reading may be started from a second LBA . And further, in 
the step after the opposite direction reading is detected, 
an average Read Lenght L per one command is compared with a 
segment size, and when the Read Length is larger than a 
predetermined value responding to a buffer segment size, the 
reading may be stared from the second LBA which is backed. 
[0014] 

According to the present invention ,a data reading 
apparatus for reading data from a storage medium comprises: 
an opposite detection reading detection means for detecting 
an opposite direction reading; .and a control means for 
starting to read data in an address previous to a present 
address at the point of time when data reading from the storage 
medium is ended in the case where an opposite direction 
reading is detected by the opposite direction reading 
detection means, 
[0015] 



According to the present invention, a data reading 
apparatus for reading data from a storage medium comprises: 
an opposite direction reading detection means for detecting 
an opposite direction reading; a means for receiving a command 
for reading a block of a first length from a first LBA; a 
means for reading the block of the first length from the first 
LBA when an opposite direction reading is detected by the 
detection means; and a means for looking-ahead a block of a 
second length from a second LBA smaller than the first LBA. 
[0016] 
[ Embodiment ] 

A data reading method and a data reading apparatus 
according to the present invention can be applied to a 
mini-HDD . 
[0017] 

Figure 1 is a block diagram illustrating a construction 
of a disk drive device according to an embodiment of the 
present invention . 
[0018] 

In figure 1, a magnetic disk device (HDD) 10 comprises: 
a magnetic disk 11 which is a data recording medium; a magnetic 
head 12 for performing reading/writing of data from/into the 
magnetic disk 11; an actuator mechanism 13 for moving a head 
slider having the magnetic head 12 over the surface of the 
magnetic disk 11 and in the standby position; a voice coil 
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motor (VCM) 14 for circularly driving an arm of the actuator 
mechanism 13; a VCM driver 15 for driving the VCM 14, which 
includes a spindle motor for rotationally driving the 
magnetic disk 11; a reading and writing circuit unit 16 for 
modularizing amplifier circuit of detected signal, waveform 
shaping circuit, analog /digital converter (ADC), 
digital/analog converter (DAC) , and the like and controlling 
reading and writing of data; a hard disk controller (Hard Disk 
Controller: HDC) 17 for controlling operations of 
reading/writing data from/into a magnetic disk and the like; 
a RAM 18 for storing the supplied data temporally as well as 
caching recorded and reproduced data; an MPU 19 for 
controlling operations of the whole HDD including the control 
of the HDC 17; a ROM 20 for storing microprogram for operating 
the MPU 19 and data; and an interface (I/F) 21 for connecting 
with an external host apparatus 30 through a bi-directional 
line . 

[0019] 

Further, the HDC 17, the RAM 18 and the MPU 19 are 
connected to each other by data bus, and the HDC 17 is connected 
to the MPU 19 by controlling bus, and the HDC 17 is connected 
to the host apparatus 30 outside the HDD through the I/F 21. 
[0020] 

The magnetic disk 11 can be also applied to 
Embeddedservo (Sector servo) method in which tracks including 




data area in which data are recorded and servo area in which 
servo data are recorded in advance are arranged 
concentrically and Dedicated servo method in which one 
surface of a magnetic disk is used only for servo and only 
data are recorded onto another magnetic disk surface. 
[0021] 

The above-mentioned HDC 17, RAM 18, MPU 19, ROM 20 and 
interface 21 control the operation of the whole HDD as a whole, 
while constitute the controller 22 for controlling input and 
output of data from/to the external apparatus (host apparatus 
30) which is connected thereto through the I/F 21. 
[0022] 

The controller 22 comprises the MPU 19 for executing 
control program, control program and memory for retaining 
data such as defect map indicating a position of defective 
sector, and the like. 
[0023] 

As memory, the RAM 18 and the ROM 20 are provided, and 
the control program is stored in the ROM 20 or the RAM 18. 
A program stored in the RAM 18 is stored in a predetermined 
area on the magnetic disk 11 and the program is read into the 
RAM 18 to be executed when the power is switched on (at the 
FOR [Power On Reset]). Further, the RAM 18 has a function 
as a cache memory and has a storage capacity which can retain 
data corresponding to more than several hundreds of recording 




units (sectors) on the magnetic disk, for example, 128 
kilobytes (256 blocks) . 
[0024] 

The controller 22 controls operation of the whole disk 
drive device by executing control program (microprogram) and 
performs control of reading/writing from/into the magnetic 
disk 11 and the like on the basis of the command and data which 
are supplied through the I/F 21 from the host apparatus 30. 
[0025] 

In addition, the MPU 19 in the controller 22 can execute 
a plurality of processes in parallel and one of the processes 
is a process of controlling input and output of command and 
data from/to the host apparatus 30 and another process is a 
write process of writing data to be written, which are 
retained in buffer (RAM 18), into the magnetic disk 11, and 
the other process is a read cache process of looking-ahead 
(Look Ahead) from the magnetic disk 11, data which are 
instructed to be read by the host apparatus 30 or data which 
are estimated to be read, to retain the data in buffer. 
Other processes such as an arithmetic operation for servo 
control and an error restoration process are also executed 
in parallel . 
[0026] 

In input and output control process from/to the host 
apparatus 30, when command for demanding data writing. 
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address (e.g. Logical Block Address: LBA and the like) 
indicating where the data are to be written (sector on the 
magnetic disk 11) and the data to be written are supplied from 
the host apparatus 30 to the controller 22, the controller 
22 retains the supplied data to be written in a buffer. 
Further, when a command for demanding data reading and address 
(LBA) in which data to be read are stored are supplied from 
the host apparatus 30, in the case where the data which are 
demanded to be read are read from the magnetic disk 11 and 
retained in the buffer, the retained data are read and 
supplied to the host apparatus 30, and in the case where the 
data demanded to be read are not retained in the buffer, the 
controller 22 instructs the reading and writing circuit unit 
16 to read the data demanded to be read, and supplies the read 
data to the host apparatus 30. 
[0027] 

In the write process, the controller 22 successively 
reads data to be written, which are supplied from the host 
apparatus 30 and retained in buffer as described above, and 
the controller 22 supplies the read data to the reading and 
writing circuit unit 16 and instructs it to write the supplied 
data into the magnetic disk 11. 
[0028] 

In addition, in read cache process, the controller 22 
instructs the reading and writing circuit unit 16 to read data 



which are estimated to be demanded to be read from the host 
apparatus 30 and retains the read data in buffer. 
[0029] 

Here, the controller 22 performs a means for detecting 
an opposite direction reading and control for starting the 
reading of data which are estimated to be demanded by the 
subsequent command immediately at the point of time when data 
reading from the magnetic disk 11 is ended in the case where 
the opposite direction reading is detected, in addition to 
the above-mentioned processes. 
[0030] 

Hereinafter, the operation of the disk drive device 10 
constructed as above will be described, and initially the 
basic concept of the present invention will be described. 
[0031] 

In the reading operation of a hard disk, data read from 
a disk are once stored in a memory in the hard disk drive to 
be transferred to the outside through an interface. 
Accordingly, data reading from the disk is ended and then data 
are actually transferred and there is some time until the next 
command is executed. 
[0032] 

Then, according to the present invention, it can be 
easily detected from the command line that the opposite 
direction reading is being performed, so the reading of data 




which are estimated to be demanded by the subsequent command 
immediately at the point of time when the data reading from 
the disk is ended in the case where it is detected that an 
opposite direction reading is being performed. Thereby, 
data reading can be stared before the subsequent command 
come s . 

[0033] 

The opposite direction reading will be described in 
detail . 
[0034] 

Figure 2 is a diagram for explaining the opposite 
direction reading, and figure 2(a) illustrates a sequential 
access, figure 2(b) illustrates a backward sequential 
access (the opposite direction sequential reading) and figure 
2 (c) illustrate an example of an image signal in the case where 
a backward sequential access is performed. In figures, [] 
shows the order of access. 
[0035] 

In the case where data are read from the corresponding 
address in units of predetermined sectors (e.g. in units of 
10 sectors from the LBA No. 10000) , the sequential access (the 
forward direction reading) is as shown in figure 2(a) . On 
the other hand, in the backward sequential access, as shown 
in figure 2(b), data [1] (10 sectors from LBA No. 10020) are 
read initially, and subsequently the access is made backward 
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to LBA No. 10010 as shown by the dotted line in the same figure 
and the data [2] (10 sectors from LBA No. 10010) are read, and 
subsequently the access is made backward to LBA No. 10000 and 
the data [3] (10 sectors from LBA No. 10000) are read. Then, 
for the convenience of explanation, in the above description, 
although the number of reading sectors is made 10 sectors, 
the opposite direction sequential reading in case of the 
opposite direction playback can be taken as an actually 
applied example of the opposite direction reading. For 
example, as shown in figure 2(c), the opposite direction 
playback is performed in units of one frame of TV image signal 
in some cases . 
[0036] 

According to the present invention, when the HDD 
receives a command, the MPU checks the command and judges that 
the command includes a backward sequential access. Then, 
it is obtained how long data reading an access has for one 
time, and (1) in the case where the data length has a size 
which is not within a segment size, the head of the command 
which is likely to come next is accessed and the reading is 
started therefrom and (2) in the case where data length per 
one time access is short and the data has a size which is within 
the segment size of the buffer, the reading is started from 
the position backed up by a segment size, whereby reducing 
the time to wait for rotation. 




[0037] 

The detection method of the opposite direction reading 
will be described. 
[0038] 

Figure 3 is a diagram for explaining the detection method 
of the opposite direction reading and figure 3 (a) shows an 
example of the sequential LBA in the Loolc-Ahead operation as 
a compared example for explaining 'backward sequential' , and 
figure 3(b) shows an example of backward sequential LBA. 
[0039] 

In figure 3(a), a sequential LBA is secured in a memory 
and No. of the address and length (block) are being retained 
in the sequential LBA at the point of time when a command line 
comes. For example, the sequential LBA is made LBA No. 10010 
which is 10 blocks ahead at the point of time when the command 
line ( 10 blocks from LBA No, 10000) comes. Subsequently, the 
sequential LBA is made LBA No. 10020 which is 10 blocks ahead 
at the point of time when the command line (10 blocks from 
the LBA No. 10010) comes. In this way, the sequential LBA for 
every command line is checked and when the matchings of 
sequential LBAs continue predetermined times, it is judged 
that the 'sequential' is detected. Such sequential judgment 
has been performed conventionally for increasing the speed 
of sequential reading. 
[0040] 




In case of 'backward sequential' , the opposite direction 
reading is detected by the method similar to that of the 
above-mentioned sequential LBA. 
[0041] 

In figure 3 (b) , a backward sequential LBA is secured in 
a memory and No. of the address and length (block) are being 
retained in the backward sequential LBA at the point of time 
when a command line comes. For example, the case where the 
command line (10 blocks from LBA No. 10020) , the command line 
(10 blocks from LBA No . 10010) , and the command line (10 blocks 
from LBA No. 10000) come is exemplified. Initially, the 
backward sequential LBA is made LBA No. 10019 which is one 
block previous to the head address No. at the point of time 
when the command line of 10 blocks from LBA No. 10020 comes. 
[0042] 

Here, why the backward sequential LBA is made previous 
to the head address No. by one block instead of ten blocks 
is that the backward sequential LBA may not be necessarily 
10 blocks (sectors) previous and backward sequential 
connection is surely judged when the backward sequential LBA 
is at least one block previous to the head address No. 
[0043] 

In figure 3 (b) , the backward sequential LBA is made LBA 
No. 10019 which is one block previous to head address No. at 
the point of time when the command line (10 blocks from LBA 
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No. 10020) comes. Subsequently, when the command line (10 
blocks from LBA No. 10010) comes, at that time the backward 
sequential LBA is made LBA No. 10009 which is one block 
previous. In this way, the content of the backward 
sequential LBA is checked and when the matchings of backward 
sequential LBAs continue predetermined times, it is judged 
that 'backward sequential' is detected. 
[0044] 

When the backward sequential LBA is detected as 
described above, the speed of opposite direction reading is 
increased on the basis of the detected backward sequential 
LBA. 

[0045] 

Hereinafter, the basic concept on a method of increasing 
the speed will be described. 
[0046] 

An average Read Length per one command is made L, and 
the L is compared with a segment size. 
[0047] 

When L is compared with a segment size, 
(1) when L is smaller than half the segment size (when (1/2) 
Segment Size>L), 

that Read Length L for one time is smaller that half the segment 
size means that the Look-Ahead for at least two commands can 
be performed at the forward reading. At this time, Read Start 
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is performed at the position which is a segment size back. 
In case (1) , the reading can be performed immediately without 
waiting for a rotation, whereby reducing time greatly. The 
case (1) will be described later with reference to figure 4. 
On the other hand, 

(2) when Lis equal to or larger than half the segment size (when 
( 1/2 ) Segment Size^ L) , 

that L is equal to or larger than half the segment size means 
the state that the Look-Ahead for only one command is possible . 
At this time, the rotation waiting cannot be avoided, whereby 
Read Start is performed at the head LBA of the command which 
is estimated to come subsequently, which is a back position. 
In case (2), the time until a command actually comes can be 
reduced . 
[0048] 

Here, the following effect can be obtained by comparing 
(1/2) Segment Size with an average length L. To be specific, 
when (1/2) Segment Size>L, there is a possibility that a 
plurality of Look-Aheads are performed, while when 
(1/2) Segment Size^L, Look-Aheads for two commands cannot be 
performed and it is meaningless to return in the opposite 
direction when the Look-Ahead for only one command can be 
performed because no storage into a segment buffer is executed 
Then, in this case, Look-Ahead is not performed and Read Start 
is performed at the head LBA of command, which is a back 




position, whereby increasing the speed even a little. 
[0049] 

Figure 4 is a diagram for explaining operation of 
increasing speed of opposite direction reading, illustrating 
reading from a disk and the movement on the interface. Then, 
figure 4 is more understandable when this is compared with 
Look-Ahead (Look Ahead) operation in the above-mentioned 
figure 7 . 
[0050] 

The current method shown in the figure 7 is for forward 
direction. The designated data on a disk are read, and the 
reading from the disk is continued thereafter as long as 
buffer memory has a room in capacity. 
[0051] 

On the contrary, in operation of increasing speed of an 
opposite direction reading, as shown in figure 4, although 
the designated data on the disk are read, reading from the 
disk is interrupted at the point of time when the reading from 
the sector is ended. More particularly, the reading from the 
disk is performed for only sectors demanded by the command. 
Then, the opposite direction Look-Ahead operation is started 
on the basis of the command estimated to come next immediately 
when the demand by the command is completed. Subsequently, 
when the predicted command comes, data which have been looked- 
ahead from the disk by the opposite direction Look-Ahead are 
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transferred immediately. 
[0052] 

In an example of figure 4, a command (Read 10111 Length 
3) is issued initially, and then reading of sectors (LBAlOlll 
~ 10113) which are demanded by the reading command is 
performed from the disk to be transferred onto the interface, 
and the reading from the disk is interrupted at the point of 
time when the reading of the sectors is ended. Then, the 
opposite direction Look-Ahead operation is started 
immediately, and the reading of sectors ( 10108 ~ 10110 ) 
estimated to be demanded by the command which comes next is 
performed. Subsequently, the predicted command (Read 10108 
Length 3) is issued and then the sectors (LBA 10108 ~ 
10110) which have been looked-ahead in the opposite direction 
from the disk are immediately transferred. Further, at the 
point of time when the reading of the sectors (LBA 10108 
~10110) is ended, the reading from the disk is interrupted. 
Similarly, the next opposite direction Look- Ahead operation 
is started, and the reading of the sectors ( 1 0 105 ~ 1 0107 ) 
estimated to be demanded by the command which comes next is 
performed, and subsequently when the predicted command (Read 
10105 Length 3) is issued, sectors (LBA 10105—10107) which 
have been looked-ahead in the opposite direction from the disk 
are transferred immediately. 
[0053] 




Next, an operation of disk drive device 10 will be 
described in detail on the basis of the above-mentioned basic 
concept with reference to a flow chart. 
[0054] 

Figure 5 is a flow chart for performing an opposite 
direction reading detection, and the flow is executed in MPU 
19. In figure, ST shows each step of the flow. 
[0055] 

Initially, a command is waited in step STl, and when the 
command comes, LBA/Length is obtained in Step ST2 . Next, 
sequential/backward sequential checking is started. More 
particularly, it is judged whether LBA is a sequential LBA 
or not in step ST3, and when LBA is a sequential LBA, a 
sequential access as shown in the figure 7 is performed in 
step ST4 and step proceeds to step ST7 . 
[0056] 

When LBA is not a sequential LBA, it is judged in step 
ST5 whether the LBA+ Length (length of command) is a backward 
sequential LBA or not, and when it is a backward sequential 
LBA, a backward sequential access as shown in figure 4 is 
performed in step ST6 and the step proceeds to step ST7 . 
[0057] 

In step ST7, an average length for data (sectors) 
employed for Look-Ahead is calculated. To be specific, the 
sum (Z length) of n pieces of lengths is updated and n is 
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incremented (n=n+l). Here, an average length ( S length/n) 
is obtained by calculating an average length per one command 
when n pieces of commands (e.g. 5 commands) come as 
^sequential' (or ^backward sequential'). The returned 
quantity of 'backward sequential' is decided on the basis of 
the average length. On the other hand, when it is judged 
in the step ST5 that the LBA + Length is not a backward 
sequential LBA, it is judged that a random access is to be 
performed and the n and the sum of the lengths ( 2 length) are 
made 0 (n=0, Elength-0) in step STB. 
[0058] 

Next, in step ST9, sequential LBA/backward sequential 
LBA are made LBA of the next command respectively. To be 
specific, in case of sequential LBA, Length and one sector 
are added to the LBA to be made the sequential LBA of the next 
command ( LBA+ Length+ 1 ) , and in case of backward sequential 
LBA, the present LBA-1 is made backward sequential LBA of 
the next command. 
[0059] 

Next, in step STIO, the command is executed and the flow 
is completed, and the step returns to step STl and waits for 
the next command. The execution of the command will be 
described later with reference to figure 6. 
[0060] 

Figure 6 is a flow chart illustrating a command execution 
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operation, and the flow illustrates an example of the case 
where the backward sequential operation mode is started. 
[0061] 

Initially, a command execution process is started, and 
then, in step STll, the reading from the disk is made to be 
ended at the position obtained by adding the Length of the 
command to the LBA of the command and subtracting one sector 
from the added result ( LBA+ Length- 1 ) . 
[0062] 

The reading is ended in step ST12, and then the following 
operations will be performed in a host interface and a HDD, 
respectively . 
[0063] 

That is, the host interface transmits the status in step 
HI, and starts to prepare for receiving the next command in 
step H2. On the other hand, the HDD judges whether 
(l/2)Segment Size>L (L is an average length) or not in step 
ST13. This is because the above-mentioned method of 
increasing speed (1) or (2) is executed. 
[0064] 

When (1/2) Segment Size>L, Look-Ahead for a plurality 
of commands can be performed, whereby Read Start is performed 
at the position which is a segment buffer size back from the 
LBA of the present command in step ST14 and the flow is 
completed. In this case, Look-Ahead for at least two 




commands can be performed, thereby reducing time greatly. 
[0065] 

When (1/2) Segment Size^L, Look-Ahead for a plurality 
of commands cannot be performed, whereby Read Start is 
performed at the position which is back from LBA of the present 
command by an average length L and the flow is completed. In 
this case, although it is impossible to increase speed greatly 
by the Look-Ahead, the time until a command actually comes 
can be reduced. 
[0066] 

As described above, the disk drive device 10 according 
to this embodiment comprises a magnetic disk 11 and a 
controller 22 which includes: an HDC 17; a RAM 18 in which 
recorded/reproduced data are cached; an MPU 19 for 
controlling operation of the whole HDD, including a control 
of the HDC 17; a ROM 20' for storing a microprogram and the 
like; and an I/F 21 for connecting with the external host 
apparatus 30, and the controller 22 executes an opposite 
direction reading detection step of detecting an opposite 
direction reading, a step of receiving a command for reading 
a block of a first length from a first LBA, a step of reading 
only the block of the first length from the first LBA when 
an opposite direction reading is detected, and a step of 
looking-ahead only a second block from a second LBA smaller 
than the first LBA, and when the opposite direction reading 




is detected, reading of data which are estimated to be 
demanded by the next command is started immediately at the 
point of time when the data reading from a disk is ended, 
whereby improving a performance of an opposite direction 
sequential reading and realizing lower-priced and more 
reliable data reading system. 
[0067] 

In addition, according to this embodiment , (1/2) Segment 
Size is compared with an average length L and the optimized 
opposite direction reading control is performed by judging 
whether Look-Ahead for a plurality of commands can be 
performed or not, whereby minimizing rotation waiting time 
without deteriorating a performance. 
[0068] 

Furthermore, this embodiment can be executed without 
adding a circuit and the like and it is needless to say that 
this embodiment can be executed together with a prior art 
forward direction Look-Ahead control . Accordingly, there is 
an excellent effect that this embodiment can be easily 
executed at a low cost without any change in system operation . 
[0069] 

Then, according to this embodiment, though an example 
in which the present invention is applied to an HDD is 
described, the invention is not restricted to this. The 
present invention can be applied to any apparatus as long as 




the apparatus is a disk drive device containing a cache memory . 
For example, the present invention may be applied to an 
external recording apparatus other than an HDD such as a 
magneto optical disk and the effect similar to that of the 
aforementioned embodiment can be achieved. 
[0070] 

In addition, according to this embodiment, although 
(1/2) Segment Size is compared with an average length L and 
it is judged whether the Look-Ahead for a plurality of 
commands can be performed or not, it is needless to say that 
the comparison of (1/2) Segment Size with an average length 
L is just an example. For example, (1/2) Segment Size may 
not be used or a predetermined margin may be allowed the 
average length L. Further, the calculation of an average 
length per command may be performed by any method. 
[0071] 

Further, it goes without saying that the kinds and the 
number of the HDC, the memory, the MPU and the like, which 
constitute the aforementioned disk drive device, are not 
restricted to those of the above-mentioned embodiment. 
[0072] 

[Effect of the Invention] 

A data reading method and a data reading apparatus 
according to the present invention detect an opposite 
direction reading, and when an opposite direction reading is 
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detected, the reading of data in an address previous to the 
present address is started at the point of time when data 
reading from a storage medium is ended, whereby improving a 
performance of an opposite direction sequential reading and 
realizing lower-priced and more reliable data reading. 
[Brief Description of the Drawings] 
[Figure 1] 

Figure 1 is a block diagram illustrating a constitution 
of a disk drive device according to an embodiment to which 
the present invention is applied. 
[Figure 2] 

Figure 2 is a diagram for explaining an opposite 
direction reading according to the aforementioned disk drive 
device . 

[Figure 3] 

Figure 3 is a diagram for explaining a detection method 
of an opposite direction reading according to the above- 
mentioned disk drive device. 
[Figure 4] 

Figure 4 is a diagram for explaining an operation of 
increasing the speed of an opposite direction reading 
according to the aforementioned disk drive device. 
[Figure 5] 

Figure 5 is a flow chart for detecting an opposite 
direction reading according to the above-mentioned disk drive 




device . 

[Figure 6] 

Figure 6 is a flow chart illustrating a command execution 
operation of the aforementioned disk drive device in the case 
where a backward sequential operation mode is started. 
[Figure 7] 

Figure 7 is a diagram for explaining a Look-Ahead (Look 
Ahead) operation of a prior art disk drive device. 
[Description of the Reference Numerals] 
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tf. LBA10000#fl6;&^e> 1 0-^i5^^¥^a) 1?^— ^Sr 

U 'Q\tm2 (a) tc^f <J: 5(c/^^o rntc^fUT. 
^^ixi5^!7— KV—' ^^>^i/-y/VT^-fe><.f^. g|2 (b) 

[1] (O^f—^ (LBA10020#±te:^^ 
6.10-fe:^^) ^Sri^^ttlL. ^v^-elnllIfiS^^c^•r J: 5 
(C, LBA10010#*fi{c;^oT [2] C7>7^->5^ (LBAl 
QOlOmmt^hl 0"^-:^ ^) Sr^^fflU. ^£)cV^-eL B AlO 
000S*fit;iMoT [3] <Of—^ (LBA10000#±t6;«)^e> 

[0 0 3 6] :^^m\t. HDDI^ri'v ^-KSrSttStofc 

5^ce=3-^>KcD^fc^*-cv^oTS^^^Jb^^pl^&b. (2) 

^^J^-t V Mh^ X^ttf tCMo Tfg^tti L ^ HM-f 

[0 0 3 7] iS*:&^R]^^mLcD«la;^fe^^ov^xI»Wi- 

[0 0 3 8] d! 3 (i3S5;^rR]gg^Ui b<^Mai:^ffi^Ift5g-r 
5fcit><^EI~Cfc»?. [113 (a) (i^^^'^y— Kv— 50 
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iy^;v^m.mir^fz,}^(OtmLmt LTLook Ahead»f^(c 
*5(t5v--^W-r/VLB A(D9f!l*. El 3 (b) y 
^ y — Kv'— ^ W-r/l^LB A<D^JSr^-t*o 
[0 0 3 91133 (a) (C*3V^T. ;^ ^ y rtgpt-i^-^ 
^^v'-V/WLB ASr^StSb. ^i-^^/ K?lW535fefcB?F^Tv— 
^>'v'-r/^L B Atc#*[6 1 S$ (::5^t3 5/>>) Sr^i^i- 
60 ^?!1^«> n-^^-K^U (LBA10000#Jfe;^^e> 1 0 7^ 
XI y^) id^^fefc^^-Cv— <>->'v'-Y/P'LBA^l 0>^t3 

ix^5fe<OLB A10010#:H&^-r5o n-^>'K 
m (LBA10010SJttd^e> 1 OT'n 5/:^) 'fi^mz.^^X 
V— >>^>'v'-t/^LB AS: 1 ^jy i?^^cOL B A10020 

v^-V/^L B A^^^o^ bT->— ^^-iX^/VLB AcD— 

■So 

[0 0 4 0] ^^^:yi7l7— Kv— ^^^i/-y/V<0^^(Ctv 
_h|S ->->5r >'v/-t/l-LBAi:lnlC<t5 J: "9 3?*- 

[0 0 4 1] 13 3 (b) \z.^\^X^ ^^V^hmz.^'^y^ 
Ki^— ^^-i/^/i-LB A^Sr^^^U. ='-^>' K^iJ;^^?!^ 
X^<y^V—Y V— >^ V L B A t S 

$ ^{JfeJ^'T'So mx.\i. r^-^^-K^U (LB 

A10020||*te;«(^e> 1 0:>^n5/:?^) , n^^^K^lJ (LBAl 
0010#±tfe^^e> 1 0:/n ^y^) , rr-^vK^iJ (LBAIOOO 

Kv/— ^^-v-r/WLBASr. 5feS#J*cO 1 

>^ >^ itro L B Aiooi9#ts t -r -So 

[0 0 4 2] rr-C. /<y^!7— Kv/— ^>'v''Y/l^LB 
A^Sr. 1 0:/n5/^flfrt-^r5feM#«coiotJi: Lfcco 

[0 0 4 3] 113 (b) X\t,. =i-^>K?iJ (LBA1002 

— v-^yU L B A 1 >^ n >^ ttfCO L B A 

10019#S6t-r5o -?:0)Sfctc. zi-ev-KJO (LBAlOOlO 

^ Kv-— ^^-iz-Y/l-L B ASr 1 ttfcO L B A 

10009#ilSi:-r5o :l(DXo\z.'LX. /^>:y^!7-Kv— 
^Vi^-t/V-LB A(OP^^S:^j^?/i?' LT^^^jyiJ^y— Kv- 
— L B ACO— g::^S^^lH]|g:j^V ^fc ^ ^ y 

[0 0 4 4] J!^±(OJ: 5(CLT^<5'i5^I7— Ki/— ^J^V-iX 
-Y/^LBA;6S^ffi$i^6^. m.^V.frL^^y^V—Yl^— 

^ >- v'-y 7U L B A ^ t> ^ (;iiS5;&rR]S?^aa L grKiS^b-T 

-So 
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[0 0 4 51 sxr^ ^«]S<b^^:*ffi^cov^T^7^W?i%^ 

[0 0 4 61 l=i'rrtyh^<D^^(Om^ai\^<DM^ (Read 
length) ^L^:b. ^<DL^± h^^ :^ 

[0 04 71 LSr-fer^/^ vM?-^XtJ4:«5lbfci:#tc. 
m±^^>h^'^X<D^^^X^I.:^^yh$\^^tt ( (1 
/2) Segment Size> LCO 

>f X^^Mo-Cfg^mUMM (Read Start) tr^Mt-So ^ 
«^t^Ig|4(cJ;D^iE-r5o 

(2) L^^S-fe^TpO- bi^>f X<7)^5>ei^JbcOt t ( (1/ 
2) Segment Size^LcO^^) 

L > M^>f Xo^^W±;^ ^ V ^ ^ ^ ^ I ^ 5 O 

or®?^ttlbM^& (Read Start) Sr;^^lt^o rcD(2)cD 

[0 0 4 81 (1/2) Segment Size ^^:^CD 

:65-et6o i-^jrts-ib. (1/2) Segment Size>LcDi: 
t lt«l^(05fe^^^5 -c# ^ prtEtt;i5fe ^ (1 / 2 ) 
Segment Size^ L ^ # ft :3 K 2 ^B^^O^Sg^fl-T? 

5feffi L B A(;iMo xm^m b Wi&-r ^ ^ [c J; o -C^i> b 

[004 91 04 lta8;&fp]f!^M UKitfktbf^^^lftsgi- 

>^±<Dt!i#Sr^i-o tillEEl 7 03tfg^ (Lo 

ok Ahead) mf^tMi:tl.X^^tX^^t>V^i'\^\ 

[00501 saiBEl 7 (c^'r^fT<^;&ffiit> )iS:^rR]OJ^ 

7^^. ^(0^^< :7 r p« ^ y 5 R5 !9 (;l*3V^T. 

'f^:^^f)^h (om^m b b^tt 5o 
[0 0 5 11 m(c*fbT. i»*rR]®g^aibii55S{bWjf^ 

^^^SS^W-r^a^ KS-fe'^^o^^ttJb;$5)!^;bo;^c^;^ 
Look AheadS&f^SrMirfe-r^o JfefC^PJ$tbfc=3-^ K;?)5 50 
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iSKfct^lC, iffiirfpjLook AheadlCj;t»7=^-<;^^;0^t5fe®S 

[0 0 5 2] m4<omX\t.. 4-f=3'^>K (Read 10111 
Length 3) Tft^^ff^tl^t^ y^>[:^^ 
^>VX^^^ivtzt^ ^ (LBAlOlll'-lOllS) (Om 

tHbSr^^J^-f ^bTE-t>l-. mJS\^LooV Aheadtbf^ 

srMir&b. =^m^fhx\^^^m^^^^^^yYxm^^fh 

5-^^^ (10108-10110) <0®!^mbSrfT5o X^I-^S!! 
^i^fc=3-^vK (Read 10108 Length 3) ;5S^ff^tu^ 
i:. y^-r^^^^e>^S?;&^pJ5fe^^ttlb^i^TV^^-fe'^:^ 
(LBAioios-ioiio) ^ii:-ibicte3^i-^, *fc. 

-fer^J'^S' (LB A10108-10110) (Ofg^tfci b:a5j^*:>oyci^ 

J£fc(^jS?;&f^]Look AheadS!lf^^|§*&b. ?'^a!)^^^TV^^^£fc 
K^^^^l^YXm^^fh^^^d^ (lOlOS'-lOlO?) (O 
^^mbS:^7V\ 2ic(ci=^ffl!l$tt;fc=i'^>K (Read 10105 
Length 3) :65^tT$tt^^. t^hm:^{^%m 

^^ib$^^■rv^6■fe^^ (lbaioios—ioio?) ^ii:?> 
[0 0 5 31 m^. ±m-m^m^n^:^\^m-5\^xy'^ 

[0 0 5 41 El5lt5S?:*-fRjS?^Wb^Wi--5fcise>(^:7n 
— ^-r— h"efc»?. ;*:::7a— itMPUl 9(;l43V^Tll^T 

100 5 51 ^-f. >^7^>'XST l-C::i-5':>-K^#^>. 
=3 Kd^^ ^ ^:^^?/XST2'eLB A/Length Sr# 
6o ^^fev^■^?, V— <^^-v--Y/^/.^^>'^!7— Ki/— ^^/V 
^/U-^oiiy^lCAl?. M,^m^\t:^'ry':^STZX'LB 
A;^Sv— W-Y/V-L B A;^>^S;^>^^WJ b. L B A;5S V 
— <^^^v^i-yVL B ACD # It^T^ :7^S T 4 T^ttfiaEI 7 
|;i^t*<t 5 ^cC v^— <^ /VT -fe- X T X :/ 
S T 7 \zmt^o 

10 0 5 6] LBA;65V— <5r>V-r/^LBA-C>SV^^ t 
lt>^7^iyXST 5-eLBA+Length (ri-^ :x K(D U^^:?^ 
>^) ;$Sx^:y ^ !7— KV— ^Jr^^-V-r^'^L B Ai)^^t^^mm 
b. /^iy:5^!7— Kv^^^J^^^v^-r/l^LB AOi: tlt><.7"^;' 
X S T 6 -CEl 4 j;i^t*<t 5 ^^-^^ 17 — K V— <5r :^ V ^ 
/UT ^ -fe- ;^ ^tr o r ;^ 7" >^ s T 7 i;i3i t>o 

[0 0 5 7] ^-7^^y:7^ST 7-eit. 5fe®^^(->ffiV^5fci6 
(Dr^-^ (-fe:^^^') <D5F^(^S$^fhS-r^o 
It. nM(DU>^:^<DfU (ZLength) ^y^^^h 
b. n^^>^ V (n = n4-l) ^T^o ^^iX. 

^^<0^^ (XLength/n) It. Vv^-r/l-' (Xlt 

It. 5{@) «fc^ t(Cl :=i'^VK5pi&C0S^ ^*^^t> 
(DXh^o w<D5F^cDS$^Sl--^^'>^J^!7— Kv— 
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>'>5^i>. T -fe ;^ t ^fim UT ;^ -7^ >^ S T 8 -e±iB n 
l/Vi/jT.C^^p (ZLength) ^Oti~^ (n = 0, ZLeng 
th=0) o 

[0 0 5 8] IJCV^T*. :^^y':/ST9X*-^--^>-^^/\- 
L B Ay^< y^V-- Y-y—^ >^-y\)V L B A 
gCCOn-^^'KcOLBAir-^'So W 
^/l^LBACOJ^-^t^. LBAtdgS (Length) 
^ * D X ^5 CO Sr jJc O ^ K CD — >^ -V /i^ L B A 

L (LBA+Length+ 1) . Kv— >5r^^i^ 10 

-^yl-LB AiO^-^fi, ^LB A- 1 ^J5fe<D=J-^i/KcD</^ 

^ r/— yti^^^ B A ^ i-^o 
[0 0 5 9] ^^v^-c. ::^'riy:f ST 1 O-C^^^^^^^K 

[0 0 6 1] =i-^vKllfT*0iSI;$5;?^.^— N-r^ 20 

X7^'y:7^ST 1 1 -CT^'-f >^^5^;5»^e>£7>g!^aiUSr. 
-^VKOLBAfCn-^VKcO^g^ (Length) SrJn^. 1 
±^^^mCfcmm (LBA+Length-l) "Cj^T^-^ 

[0 0 6 2] :^Ty:^ST 1 2 -CS^^ffl L;$5;^T-r5 

[0 0 6 3] -tf^t^^. /^>^ h>r>^— r^^— 

^t<0::i-^^^K^S(t5t^2p>(ifCA^o — HDDflll-e 30 
fi, ;^7^iy>^ST 1 3T? (1/2) Segment Size>L 

fcmm\:<D:&m w ^ fct^ (2) ^mnir^rcib<D h(D^h 

[0 0 6 4] (1/2) Segment Size > LCD # ti, ^ 
|^(D =1 >- K(C*f LT -ci: ^t^-C^h^t^h. 

>'^/^-/:7r1^>rX^^^MorSg^ttlLM^& (Read star 
t) ^;^>Mt*:7n-Sr»lTi-^o ^cD«^(^/i^/^< ^ t 
*^a2ffl5teSS^;$5-e^. ;^ite(-^M®^:^>5-T?t^o 40 
[0 0 6 5] (1/2) Segment Size^ LCD t ^ t^. ^ 

l^(D=I■^>'K^c«-L-c$feS^^^^-e#;tv^cD-e. s^frcDri 

KCDL B A;6^ib¥^&CDft$ LMofc^ ^ 
mLIB*& (Read Start) ^^O^ft;*:^^ 7-^60 ^ 
cD^^t^. 5fe®^^^cJ:5:^I|g/^^i55S^^:^i■^#Jfev^t<D 
(D, =i-^>'K;$5|IK(c^^*-ecDNFM;55^«&-C#5o 

[0 0 6 6] ^±^mvfcJ:o{c. ^mmmm\^^^'r 

K^-<:/Slgl 0(i. a^v^-r;;^^ 1 1 i:^ HD 
C17. m^XW^f-^if^^^ y->^^tl^KAMl 
8. HDCl TfC^ft-^^JfflJSr-g-?^. HDD:^<2^cDtbf^ 50 
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S:$fJ^i-6MPU 1 9. -^-f :^^CI:/^:^^^^^^|&S^i- 
CDI/F2 l;6^e>^£6ffijffllgf5 2 2 ^ Suffix.. *'m^fP2 2 
ry^^t. mi<^^BA^^hmi<Ot^<D'yxny^:^m^ 
^m$l^fct^. mi<^^BA-f)>hmi<OM^<0:/x:i>y 

^fcn^m^m'r:^y^yyt. ^lcDLBAJ:!9/h$v^ 

® 2 CD L B A^^hm 2 (D^U y ^ fcn^^m^'t^^^'r 

[0 0 6 7] *5^c. :$;SliS?^^-C(^. (1/2) Segmen 
t Size^¥:^CD:i:$L^^SritRb. «|g:CD=i-^ K(C^ 

[0 0 6 81 $£>{c. *iiife?^^-ct*. mK^^^oiip-r 

3S^_bcDaM^iS< r t/^<>[gri^ b"e^^(c^iE;dS-e 
[0 0 6 9] /cC*3. ^SJE^^fig-Cfl, *^eg5rHDD(:i 

[0 0 7 0] ^fc. (1/2) Segmen 

t Size^^:^<7)S$L^^tt:«b. «^(D=i-r^ Kld^ 
bT5fe^;^^;d5-t? t -5 WJ br W-^<Dm 
$L^<Dit^{;fij(i-">W-efe^r t(im5^-ct>:^cv>o 

(1/2) Segment Size ^ b/<CV\ t.tc\^^^(D 

S$L^cBff^cD5fe^saf^«F/c-rt>cD-efcort>i:v^o * 

fc. =3-9'>KcD^:^CDft$(DgLm;^fe(iif<D<fc5?fc;^& 

[0 0 7 1] §e>tc, ±i2^>r:^:?^ K^>r:/^*<^^J5£ 

-r^HDC. ;^^y. MPU^CDttS> »>fe^(l±5£b 
[0 0 7 2] 

[5&5^cD^«] :^^m\^^^y'-^m^^^:^&RrJ^y' 
>^cD7='-:^^cD®g^fflb^ll*&-r^i: 5J-bfccD-c. m:^ 
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[13 21 ^W.y'-C^^ K^^>^$^e<Da»:*-[pj^^aLS' 



(8) 



1-110 13 9 



14 



10 



* [0 6 J JtlBx-r K^-f ^^SBtD^^^A'^ !7— KV- 
[0 71 '^^(Oy'^C^^ K^>r>^S«<D5fc^i^ (Look A 
head) ibfl^S-lftS^i-SfciexoEI-efc^o 
[W-^cDSisgj 

10 ^-^'^^ K^^:/S«. 11 m^y'^:^i^. 1 
6 g?^##lHieSgp. 17 ^^—Y^^:^^^i^V^- 
=7 (HDC) . 18 RAM. 19 MPU. 2 0 R 
OM. 2 1 I/F. 2 2 UmU. 3 0 bSB 



[04] 



30 



18 



21 



20 



ROM 



RAM 


IT 
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- HE 






^ TVIPU 




[E12] 

[1] [2] 



C8] 



LBA 10000 



10010 



10020 



10030 



C3] [2] [1] 



LBA 10000 

r 



10010 
— ^jc 



10020 



10030 




1-110139 



[0 31 



(a)^/— VULBA 



iQ010«iA loruy^ 



10000-lora»^' =:J>t^->5r;^:/+>PLBA-10Q10 

♦ ^1 '^\^ly~'ft>'>tJi^ 



iooaD-io:/py^' 
10010-10:roy:? 



7X hOLBA-lOOlB ' 
lODaO-IOrPy^' =:^^XKDLBA=10009 -'^ — ItiT*' 



[SIS J 



[Siel 



Kit* 6 




STl 



-ST2 



51 11 HLBA+Ungth-lT»T"r 



YES 



ST12 , 



YES 



STB- 



ST4 



ST9 



STB 

J- 



ST7. 



n»«n+l 



=LBA+L€ngth+1 

=LBA 



ST10 



I 




^3V>KOLBA 



LBA-L;&^^SB 



END ^ 
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17] 



1011 1 



10112 



10X18 



10114 



10115 



10116 



10117 



COMMAND 
Reed 
lOUl 
Lorgft 3 



Lock 
Ahead 




10111 



10112 



10U3 



COUMAND 
Read 
lOlOB 



